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(54) Copper foil for printed wiring board having excellent chemical resistance and heat 
resistance 



(57) This invention provides a copper foil for a print- 
ed wiring board, which comprises a copper foil, an alloy 
layer (A) comprising copper, zinc, tin and nickel which 
is formed on a surface of the copper foil, said surface to 
be brought into contact with a substrate for a printed wir- 
ing board, and a chromate layer which is formed on a 
surface of the alloy layer (A). The copper foil for a printed 
wiring board has the following features: even if a printed 
wiring board is produced using a long-term stored cop- 
per foil, the interface between the copper foil and the 



substrate is only slightly corroded with chemicals; even 
if the copper foil contacts a varnish containing an organ- 
ic acid, e.g., a varnish for an acrylic resin, in the forma- 
tion of a copper-clad laminate, the bond strength is suf- 
ficient. Even if a printed circuit board made by using the 
copper foil is placed in a high temperature environment, 
e.g., in an engine room of an automobile, for a long pe- 
riod of time, blistering of the copper circuit from the sub- 
strate due to deterioration of the interface between the 
copper circuit and the substrate does not take place. 



Fig.1 
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Description 

FIELD OF THE INVENTION 

s [0001] The present invention relates to a copper foil for making printed wiring boards having excellent chemical 
resistance and heat resistance and to a process for producing the copper foil. 

[0002] More particularly, the invention relates to a copper foil such that even if a printed wiring board is produced 
using long-term stored copper foil, the interface between the copper foil and the wiring board substrate is hardly cor- 
roded with chemicals such as a cupric chloride aqueous solution or an ammonium persulfate aqueous solution. The 
10 copper foil has a sufficient bond strength to a wiring board substrate made from a varnish containing organic acids, 
for example, acrylic acid. Further, even if a printed circuit board made by using the copper foil is exposed to high 
temperatures for a long time, e.g., in an engine room of an automobile, bond strength between circuit patterns and the 
substrate is not so much deteriorated, and therefore blistering of the circuit patterns from the substrate does not take 
place. 

is 

BACKGROUND OF THE INVENTION 

[0003] A printed wiring board has a substrate made of an insulating resin such as an epoxy resin, and a copper foil 
that has been etched to have a desired pattern, which can be produced by, for example, a subtractive process. In the 

20 usual substracfrve process, two copper foils are laminated on both surfaces of a prepreg by hot pressing to form a 
copper-clad laminate having the cured prepreg as a substrate. Holes are opened in the copper-clad laminate which is 
then electroless plated, followed by electroplating to electrically connect the copper foils on both surfaces of the sub- 
strate. The copper foil surfaces are coated with a photoresist, and then exposed to U V light so as to produce a desired 
resist pattern. Subsequently, the copper is etched by an acid or an alkali etchantto form the desired wiring pattern. On 

25 the printed wiring board having the wiring pattern, electronic devices and/or elements, etc. are mounted to obtain a 
printed circuit board. 

[0004] To enhance the bond strength between the substrate and the copper foil, the surface of the copper foil for a 
printed wiring board is generally treated by various chemical or electrochemical techniques, for example, a bond en- 
hancing treatment (so-called "burning plating' treatment) by which a particulate copper deposit, e.g. a nodular copper 

30 deposit (fine cluster-like deposit) or a whiskery copper deposit is formed on the surface of the copper foil. Further, a 
chromate layer is formed on the surface of the copper foil to prevent deterioration of the bond strength between the 
copper wiring pattern and the substrate caused by undermining in the etching process by an acid etching solution or 
an alkali etching solution. Further, a zinc plated layer is also plated on the surface of the copper foil in order to enhance 
the heat resistance of the laminate. 

35 [0005] With recent progress of globalization of the copper foils market, exportation of copper foils has increased, so 
that the copper foils may be stored under various conditions for a long time. 

[0006] As materials of the substrate, various resins have been used, and not only epoxy resin substrates hitherto 
widely used but also other resins which are made from a varnish containing an organic acid. For example, recently, a 
copper-clad laminate is produced by continuously laminating copper foils on both sides of a fibrous base material 

40 impregnated with a varnish for an acrylic resin, which contains an acrylic acid, and curing the varnish. In such a case, 
the copper foil necessarily contacts the organic acid contained, in the varnish under the curing conditions. 
[0007] The printed wiring boards occasionally undergo heat processing such as soldering and solder resist curing 
when electronic devices are mounted thereon. Further, in practice, printed circuit boards are occasionally placed in 
high temperature environments, such as in the engine room of an automobile, for a long time. 

45 [0008] Accordingly, copper foils having excellent chemical resistance and heat resistance have been desired. 

[0009] Among conventional copper foils having been subjected to bond enhancing treatments, the electroplating of 
zinc and the chromate treatment, however, there has been found no copper foil excellent in both the chemical resistance 
and the heat resistance. 

[0010] For example, there has been conventionally used for preparing a printed wiring board a copperfoil having 31 
so to 600 mg/m 2 of an electroplated zinc, 10 to 100 mg/m 2 (in terms of arsenic atom) of an arsenical copper and 1 to 20 
mg/m 2 (in terms of chromium) of a plated chromate and further provided with a silane coupling agent. But when the 
copper foil contacts a varnish containing organic acid, for example, an acrylic resin, in the formation of a copper-clad 
laminate, the bond strength between the copper foil and the substrate is insufficient. Further, even if the copper foil is 
laminated to a substrate mainly made of an epoxy resin, the bond strength between the copper foil and the substrate 
ss deteriorates by contact with an acid solution or an alkali solution during or after the etching process. 

[0011] In addition, there has been conventionally used another copperfoil having 1 to 30 mg/m 2 of a plated zinc and 
1 to 20 mg/m 2 (in terms of chromium) of a chromate. However, when the copper foil contacts varnish containing organic 
acid in the formation of the copper-clad laminate, the acid attacks the zinc layer. As a result, sufficient bond strength 
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between the substrate and the copper foil cannot be obtained. The above-described problems are caused by extremely 
poor chemical resistance of the conventional copper foils. 

[001 2] Further, when the copper foils as described above are laminated with a substrate mainly made of a brominated 
epoxy resin, the heat resistance is insufficient, so that the bond strength between the copper circuit and the substrate 
s will deteriorate during the long-term heating when the printed circuit board is placed in an engine room of an automobile, 
and finally the copper circuit may blister from the substrate. 

[0013] In Japanese Patent Laid-Open Publication No. 231161/1995, there is proposed, as a copper foil of excellent 
heat resistance, a copper foil having a ternary alloy layer of copper-zinc-tin or copper-zinc-nickel and further having a 
chromate layer on the surface of the alloy layer. However, the copper foil is not always satisfactory in acid resistance 

10 after long-term storage. The reason for the unsatisfactory acid resistance is presumably, as follows, that, during the 
long-term storage, zinc excessively diffuses from the ternary alloy layer such as copper-zinc-tin alloy layer or copper- 
zinc-nickel alloy layer to the copper foil. Simultaneously copper diffuses from copper foil to the alloy layer. Consequently, 
resistance of the alloy layer against chemicals is weakened. Further, when the copper foil described above is contacted 
with a varnish containing an organic acid, such as a varnish for acrylic resin, which contains acrylic acid, in the formation 

is of the copper-clad laminate, the interface between the substrate and the copper foil may be attacked by the acid before 
and during curing of the varnish. On this account, it is very difficult to keep sufficient bond strength between the substrate 
and the copper foil and, as a result, properties of the resulting printed wiring board are also insufficient. 

OBJECT OF THE INVENTION 

20 

[0014] It is an object of the present invention to provide a copper foil for a printed wiring board having the features: 

even if a printed wiring board is made by using the long-term stored copper foil, the interface between the copper 
circuit and the substrate is not corroded by an acid solution such as a cupric chloride aqueous solution or an alkali 

25 solution such as an ammonium persulfate solution; 

even if the copper foil is contacted with a varnish containing organic acid, such as a varnish for an acrylic resin 
which contains an acrylic acid, in the formation of a copper-clad laminate, the interface between the copper foil 
and the substrate is hardly deteriorated by the organic acid and the bond strength therebetween is sufficient; and 
even if a printed circuit board made by using the copper foil is placed in high temeprature environments for a long 

30 time, e.g., in an engine room of an automobile, the interface between the copper circuit and the substrate is not 

much deteriorated, and hence blistering of the copper circuit from the substrate does not take place. 

[0015] It is another object of the invention to provide a process for producing the above-mentioned copper foil. 



3S SUMMARY OF THE INVENTION 



[0016] The copper foil for a printed wiring board according to the invention comprises a copper foil, an alloy layer 
(A) comprising copper, zinc, tin and nickel which is formed on a surface of the copper foil, and a chromate layer which 
is formed on a surface of the alloy layer (A), said surface to be laminated with a substrate for a printed wiring board. 
40 [001 7] The alloy layer (A) is preferably obtained by heating a zinc-tin layer and a zinc-nickel layer formed on a copper 
foil at a temperature of 80 to 260°C. 

[0018] The copper foil according to the present invention may further have a silane coupling agent layer on a surface 
of the chromate layer. 

[0019] The copper foil for a printed wiring board according to the invention has excellent chemical resistance after 
45 long-term storage. 

[0020] Even if the copper foil is contacted with a varnish containing organic acid, such as a varnish for an acrylic 
resin, in the formation of a copper-clad laminate, the bond strength between the substrate and the copper foil is suffi- 
cient. Further, after lamination and patterning of the copper, the interface between the copper pattern and the substrate 
shows excellent chemical resistance. That is to say, by the use of the copper foil, corrosion of the interface between 

so the copper (wiring) pattern and the substrate in the resulting printed wiring board by an acid solution such as a cupric 
chloride aqueous solution or an alkaline solution such as an ammonium persulfate aqueous solution hardly occurs, so 
that the bond strength between the excellent copper pattern and the substrate can be maintained. 
[0021] The copper foil for a printed wiring board according to the invention exhibits excellent heat resistance. On 
this account, even if a printed circuit board made by using the copper foil of the invention is placed in an engine room 

55 of an automobile and exposed to high temperature for a long time, the interface between the copper circuit and the 
substrate hardly suffers and hence high peel strength of the copper circuit with the substrate can be maintained. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] Fig. 1 is a schematic sectional view of a preferred embodiment of a copper foil for a printed wiring board 
according to the present invention. 
5 [0023] Fig. 2 is a schematic sectional view of another embodiment of a copper foil for a printed wiring board according 
to the present invention. 



DETAILED DESCRIPTION OF THE INVENTION 
10 [0024] The copper foil for a printed wiring board according to the invention is described in detail hereinafter. 



Copper foil for printed wiring board 

[0025] Fig. 1 is a schematic sectional view of a preferred embodiment of a copper foil for a printed wiring board 
is according to the invention. 

[0026] In this embodiment, the copper foil for a printed wiring board comprises a copper foil 1 , an alloy layer 2 formed 
on a surface of the copper foil 1 , and a chromate layer 3 formed on a surface of the layer 2, said surface of a chromate 
layer 3 being to be brought into contact with a substrate for a printed wiring board. 

[0027] As the copper foil 1 , all grades of copper foils are employable without any restriction. For example, a rolled 
20 copper foil or an electrodeposited copper foil may be used. The contacting surface of the copper foil with a substrate 
for a printed wiring board may be a matte side or a shiny side. A bond enhancing treatment may be provided between 
the copper foil 1 and the alloy layer 2 in order to enhance the bond strength with the substrate. 
[0028] The alloy layer 2 formed on the copper foil 1 comprises copper, zinc, tin and nickel. 

[0029] The amount of zinc in the alloy layer 2 is in the range of 1 to 30 mg, preferably 1 0 to 22 mg, per unit area (m 2 ) 
25 of the copper foil. When the amount of zinc is less than 1 mg/m 2 the contact of the copper foil with a varnish containing 
an organic acid, such as acrylic acid, in the formation of a copper-clad laminate makes the bond strength between the 
copper foil with the substrate in the copper-clad laminate insufficient, and the heat resistance is extremely bad. When 
the amount thereof exceeds 30 mg/m 2 , the chemical resistance, particularly hydrochloric acid resistance, of the inter- 
face may be insufficient. 

30 [0030] The amount of nickel in the alloy layer 2 is desired to be in the range of 1 to 30 mg, preferably 8 to 20 mg, 
per unit area (m 2 ) of the copper foil. When the amount of nickel is less than 1 mg/m 2 , the contact of the copper foil with 
a varnish containing an organic acid in the formation of copper-clad laminate makes the bond strength of the copper 
foil with the substrate insufficient, and the heat resistance and the chemical resistance are poor. When the amount 
thereof exceeds 30 mg/m 2 , a phenomenon of 'blackening" may take place after alkaline etching, that is, some portions 

35 of Ni may not be etched to remain on the substrate. 

[0031] The amount of tin in the alloy layer 2 is desired to be in the range of 1 to 20 mg, preferably 2 to 10 mg, per 
unit area (m 2 ) of the copper foil. When the amount of tin is less than 1 mg/m 2 , the heat resistance is extremely poor. 
When the amount thereof exceeds 20 mg/m 2 , the chemical resistance may be insufficient. 

[0032] The weight ratio of zinc to tin (Zn/Sn) in the alloy layer 2 is desired to be in the range of 20/1 to 1/20, preferably 
40 10/2 to 4/10. 

[0033] The weight ratio of zinc to nickel (Zn/Ni) in the alloy layer 2 is desired to be in the range of 30/1 to 1/30, 
preferably 10/8 to 4/20. 

[0034] The alloy layer 2 comprises, as essential components, four metals of copper, zinc, tin and nickel, and this 
layer may be a quaternary alloy of copper-zinc-tin-nickel or may be a mixture of these four metals. Further, this layer 
45 may be a mixture of a ternary alloy of copper-zinc-tin and a ternary alloy of copper-zinc-nickel, may be a mixture of a 
ternary alloy of copper-zinc-tin and a binary alloy of zinc-nickel, or may be a mixture of a ternary alloy of copper-zinc- 
nickel and a binary alloy of zinc-tin. 

[0035] By virtue of the alloy layer 2 comprising copper, zinc, tin and nickel which is formed on the surface of the 
copper foil, the heat resistance and the acid resistance of the copper foil can be both retained even using the long- 

50 term stored copper foil. 

[0036] The alloy layer 2 is preferably formed by carrying out both zinc-nickel plating and zinc-tin plating, preferably 
first the zinc-nickel plating and then the zinc-tin plating, and heating at a temperature of B0 to 260°C, preferably 130 
to 200°C. It is considered that, by heating, diffusion of metals occurs as follows. Zinc and tin moderately diffuses from 
the alloy layers to the copper foil and between the alloy layers. Tin moderately diffuses from the zinc-tin alloy layer to 

ss the zinc-nickel alloy layer and further to the copper foil, and copper diffuses from the copper foil to the alloy layers. 
[0037] Whereas, nickel hardly diffuses from the zinc-nickel alloy layer to the zinc-tin alloy layer nor to the copper foil, 
and, therefore, the thus obtained copper-zinc-tin -nickel alloy layer 2 has a laminar nickel-rich part. Since the nickel 
controls the diffusion of zinc and tin through and/or from the zinc-nickel layer during the heating, or alternatively through 
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and/or from the nickel-rich part during the long-term storage of the copper foil, it is preferable to carry out the zinc- 
nickel plating prior to the zinc-tin plating. 

[0038] The Zn-Sn layer can be plated using the following conditions: 

zinc pyrophosphate: 12-25 g/liter 
stannous pyrophosphate: 1-10 g/liter 
potassium pyrophosphate: 50 - 300 g/liter 
pH: 9- 12 

solution temperature: 15 - 30°C 

[0039] Instead of stannous pyrophosphate, potassium stannate can be used. 
[0040] The zinc-nickel layer can be plated using the following conditions. 

zinc pyrophosphate: 12-25 g/liter 
is nickel sulfate: 5 - 50 g/liter 

potassium pyrophosphate: 50 - 300 g/liter 
pH:8- 11 

solution temperature: 1 5 - 40°C 

20 [0041] Instead of nickel sulfate, nickel chloride can be used. 

[0042] By virtue of the alloy layer 2 formed on the copper foil, the heat resistance and the chemical resistance of the 
copper foil is enhanced. The reason is presumably that the counter diffusion of zinc and copper, or tin and copper are 
likely to occur but the counter diffusion of nickel and copper is much more difficult. By forming a ternary alloy of zinc- 
tin-nickel, excess counter diffusion of zinc and copper, and tin and copper between the ternary alloy and the copper 

25 foil 1 is controlled by the presence of nickel so that the barrier effect against chemicals such as hydrochloric acid is 
ensured. 

[0043] In the present invention, a chromate layer 3 is formed on the surface of the alloy layer 2. The chromate layer 
3 is desirably provided in an amount of 0.1 to 20 mg/m 2 , preferably 2 to 6 mg/m 2 , in terms of a chromium atom. 
[0044] In the present invention, a silane coupling agent layer 4 is preferably further formed on the surface of the 
30 chromate layer 3, as shown in Fig. 2. Referring to Fig. 2, numeral 1 designates a copper foil, numeral 2 designates an 
alloy layer, and numeral 3 designates a chromate layer, similarly to Fig. 1 . 

[0045] As the silane coupling agent, conventbnal silane coupling agents can be used without any restriction. Exam- 
ples thereof include epoxyalkoxysilane, aminoalkoxysilane, methacryloxyalkoxy silane and mercaptoalkoxysilane. 
Such silane coupling agents may be used in combination of two or more kinds. 
35 [0046] The silane coupling agent layer is desirably provided in an amount of 0.15 to 20 mg/m 2 , preferably 0.3 to 2.0 
mg/m 2 , in terms of a silicon atom. 

[0047] By the formation of the silane coupling agent layer 4, the bond strength between the copper foil and a substrate 
can be further enhanced. 

[0048] In the present invention, a chromium(VI) compound may be contained in the silane coupling agent layer. 
40 [0049] Suchacopper foil for a printed wiring board as described above has excellent bond strength to a substrate, 
and even if the copper foil contacts a varnish containing organic acid, such as acrylic acid, in the formation of the 
copper-clad laminate, corrosion on the foil at the interface between a varnish as the material of the substrate and the 
copper foil caused by the organic acid does not take place. 

[0050] The copper foil for a printed wiring board according to the invention can be produced by, for example, the 
45 following process. 

Process for producing copper foil for printed wiring boards 

[0051] The process for producing a copper foil for a printed wiring board according to the invention comprises: 



so 



55 



plating with an alloy comprising zinc, tin and nickel a copper foil to form the alloy layer on a surface thereof, said 

surface to be bonded with a substrate for a printed wiring board, 

carrying out a chromate treatment, and 

heating the copper foil at a temperature of 80 to 260°C. 

[0052] In the present invention, a bond enhancing treatment may be previously provided on the surface of the copper 
foil to be bonded, as described above. The bond enhancing treatment can be carried out by a two-step plating method 
described in Japanese Patent Laid-Open Publication No. 231161/1995. In this method, a bond enhancing treatment 
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is made by electrodepositing fine particles in a first plating step, and forming a covering layer in a second plating step 
to prevent separation of the nodular copper. Further, the bond enhancing treatment can be carried out by electrode- 
positing a whiskery copper deposit on the copper foil (See JP-B-41 1 96 (1 981 )). 

[0053] In the present invention, first, an alloy layer comprising zinc, tin and nickel is plated on the copper foil. 
s [0054] The layer comprising zinc, tin and nickel is formed by, for example, plating zinc-nickel on the copper foil and 
then plating zinc-tin thereon. 

[0055] The zinc-nickel is generally plated, for example, under the following conditions. 

zinc pyrophosphate: 12-25 g/liter 
10 nickel sulfate: 5 - 50 g/liter 

potassium pyrophosphate: 50 - 300 g/liter 
pH:8- 11 

solution temperature: 15 - 40°C 

is [0056] Instead of nickel sulfate, nickel chloride can be used. 

[0057] In the plating, the current density is desirably in the range of 3 to 10 A/dm 2 . The plating time is desirably in 
the range of 1 to 8 seconds. 

[0058] Through the zinc-nickel plating, a zinc-nickel alloy layer is formed on the surface of the copper foil. The com- 
position of the alloy layer can be controlled by changing the concentration ratio of nickel and zinc. 
20 [0059] Then, zinc-tin alloy layer is plated on the copper foil having the zinc-nickel alloy layer. 
[0060] The zinc-tin can be plated, for example, under the following conditions. 

zinc pyrophosphate: 12-25 g/liter 
stannous pyrophosphate: 1-10 g/liter 
25 potassium pyrophosphate: 50 - 300 g/liter 

pH:9-12 

solution temperature: 15 - 30°C 

[0061] Instead of stannous pyrophosphate, potassium stannate can be used. 
30 [0062] In the plating, the current density is desirably in the range of 3 to 10 A/dm 2 . The plating time is desirably in 
the range of 1 to 8 seconds. 

[0063] The alloy layer comprising zinc, tin and nickel may be formed by first plating the copper foil with zinc-tin alloy 
followed by plating with zinc-nickel alloy. Through such plating operations, a zinc-tin alloy layer is formed on the surface 
of the copper foil and a zinc-nickel alloy layer is formed on the surface of the zinc-tin alloy layer. The plating solutions 

35 used herein are the same as described previously. 

[0064] The layer comprising zinc, tin and nickel may be formed by plating zinc-tin-nickel using a plating solution 
containing the above-mentioned zinc pyrophosphate, stannous pyrophosphate, nickel sulfate and potassium pyro- 
phosphate. According to this process, a zinc-tin-nickel ternary alloy layer is formed on the surface of the copper foil. 
[0065] In the present invention, then, a chromate layer is formed on the surface of the alloy layer comprising zinc, 

40 tin and nickel. 

[0066] The chromate treatment can be carried out at a current density of 0. 1 to 3 A/dm 2 using an electrolytic solution 
usually containing 0.2 to 5 g/liter of chromic anhydride and having a pH of 9 to 1 3. The treating time is desirably in the 
range of 1 to 8 seconds. 

[0067] After the chromate treatment, a silane coupling agent treatment may be carried out, if desired. 
45 [0068] As the silane coupling agent, conventional silane coupling agents are applicable without any restriction. Ex- 
amples thereof include epoxyalkoxysilane, aminoalkoxysilane, methacryloxyalkoxysilane and mercaptoalkoxysilane. 
Such silane coupling agents may be used in combination of two or more kinds. 

[0069] The silane coupling agent is used generally in an aqueous solution and/or organic solution. The concentration 
of the silane coupling agent is desired to be in the range of 0.01 to 30 g/liter, preferably 0.1 to 10 g/liter. When the 
so concentration of the silane coupling agent is less than 0.01 g/liter, the bond strength between the copper foil and a 
substrate may be insufficient. When the concentration thereof is more than 30 g/liter, the surface of the copper foil may 
have stains considered to be decomposed silane coupling agent. 

[0070] The silane coupling treatment can be carried out by applying an aqueous solution of the silane coupling agent 
at a temperature of 0 to 40°C, preferably 5 to 30°C. When the temperature is lower than 0°C, the solution sometimes 
ss freezes. When the temperature is higher than 40° C, the surface of the foil may have stains considered to be decom- 
posed silane coupling agent. 

[0071] After the chromate treatment and if desired the silane coupling treatment, the copper foil is heated so that the 
surface temperature is in the range of 80 to 260°C, preferably 130 to 200°C. By the heating, zinc and tin moderately 
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diffuse from at least one of the previously formed alloy layers to the other alloy layer and to the copper foil in exchange 
for diffusion of copper from the copper foil to the alloy layers, to form an alloy layer comprising copper, zinc, tin and 
nickel. Nickel hardly diffuses from the alloy layer(s) to the copper foil nor within the alloy layers. 
[0072] When the heating temperature is lower than 80°C, an alloy layer containing copper cannot be formed because 

s of insufficient diffusion. When the heating temperature is higher than 260°C, the chromate layer may be destroyed. 
[0073] The heating may be also carried out when the copper foil is laminated to a substrate by hot pressing. 
[0074] The heating may cause metal diffusion within the zinc-tin-nickel plated layer and the copper foil surface to 
form a layer of a quaternary alloy of copper-zinc-tin-nickel, metal diffusion within the zinc-tin plated layer and a layer 
of a ternary alloy of copper-zinc-tin, or metal diffusion within the zinc-nickel plated layer and a layer of a ternary alloy 

10 of copper-zinc-nickel. 

Copper-clad laminate 

[0075] The copper foil for a printed wiring board obtained as described above is then laminated to a substrate to 

15 produce a copper-clad laminate. 

[0076] The copper-clad laminate may be produced in batch or continuously In an embodiment of batch production, 
the copper foil and the prepreg are held usually under a pressure of 20 kg/cm 2 with a temperature of 1 70°C for 1 hour 
to produce a copper-clad laminate. In an embodiment of continuous production, a glass cloth impregnated with a 
varnish is continuously laminated with two copper foils using a pair of laminating rolls in such a manner that the glass 

20 cloth is sandwiched between the first copper foil and the second copper foil. Then, the glass cloth is carried by a 
conveyor through an oven at a temperature of 160 ft C for 30 minutes with no additional pressure being applied, to 
thereby produce a copper-clad laminate (See JP-B-2963165). 

[0077] In the above batch production, an epoxy resin or the like is used in the prepreg for a printed wiring board. In 
the above continuous production, an epoxy resin or a varnish containing organic acid, such as a varnish for an acrylic 

25 resin containing acrylic acid, is used as the substrate material. 

[0078] The thus produced double-sided copper-clad laminate is generally drilled followed by electroless and elec- 
troplating of copper to electrically connect the copper foils laminated on the both surfaces of the substrate, and then 
an etching resist pattern is formed thereon. Thereafter, the portion of the copper foil to be the spaces between wires 
is etched by an acid etching solution such as a cupric chloride aqueous solution or an alkali etching solution such as 

30 an ammonium persulfate aqueous solution, to form a wiring pattern. 

[0079] After the formation of the wiring pattern, a solder resist is applied on the wiring and cured. Electronic devices 
are then mounted, whereby a double-sided printed circuit board is obtained. 

[0080] By repeating operations of the lamination of the copper foil with the substrate and the etching of the copper 
foil, followed by carrying out the drilling, electroless plating and electroplating operations, a multi-layer printed wiring 
35 board can be obtained. 

EFFECT OF THE INVENTION 

[0081] In a printed wiring board produced using the copper foil according to the invention, the interface between the 
40 copper foil and the substrate is not corroded with an acid such as a cupric chloride aqueous solution or an acrylic acid 
and an alkali solution such as an ammonium persulfate aqueous solution, and the bond strength of the copper foil with 
the substrate is sufficient. 

[0082] Further, even if the copper foil for a printed wiring board according to the invention is stored for a long time, 
the bond strength of the copper foil with a substrate is sufficient. 
45 [0083] Furthermore, even if a printed circuit board produced by using the copper foil according to the invention is 
placed in a high temperature environment for a long time, e.g., in an engine room of an automobile, the interface 
between the copper circuit and the substrate is not much thermally deteriorated, and hence blistering of the copper 
circuit from the substrate does not take place. 

[0084] Moreover, the copper foil according to the invention exhibits excellent bond strength to the substrate in a 
50 copper-clad laminate, even if the copper foil contacts a varnish containing an organic acid, such as a varnish for an 
acrylic resin, in the formation of the copper-clad laminate. 

EXAMPLE 

55 [0085] The present invention is further described with reference to the following examples, but it should be construed 
that the invention is in no way limited to those examples. 



7 



EP 1 006 763 A2 

Example 1 



[0086] A copper foil of 270 g/m 2 (nominal thickness: 35 pm) without passivation was electroplated with copper at a 
current density of 30 A/dm 2 for 4 seconds using a copper plating bath containing 1 2 g/liter of copper and 1 80 g/liter of 
5 sulfuric acid with a bath temperature of 30°C. Then, the copper was further electroplated with copper at a current 
density of 32 A/dm 2 using a plating bath containing 70 g/liter of copper and 180 g/liter of sulfuric acid with a bath 
temperature of 48°C, to subject it to a bond enhancing treatment Then, the following treatments were carried out. 

1 . Zinc-nickel plating 

10 

[0087] The copper foil was plated with a zinc-nickel alloy in the following conditions. 

zinc pyrophosphate: 20 g/liter 
nickel sulfate: 10 g/liter 
is potassium pyrophosphate: 100 g/liter 

pH: 10 

bath temperature: 30°C 
current density: 0.2 A/dm 2 
plating time: 10 seconds 

20 

[0088] In the zinc-nickel plated layer thus formed, the amount of zinc was 8 mg/m 2 and the amount of nickel was 1 5 
mg/m 2 . 

2. Zinc-tin plating 

25 

[0089] the copper foil was plated further with zinc-nickel alloy in the following conditions. 

zinc pyrophosphate: 20 g/liter 
stannous pyrophosphate: 10 g/liter 
30 potassium pyrophosphate: 1 00 g/liter 

pH: 10 

bath temperature: 30°C 
current density: 0.2/dm 2 
plating time: 10 seconds. 

35 

[0090] In the zinc-tin plated layer thus formed, the amount of zinc was 7 mg/m 2 and the amount of tin was 5 mg/m 2 . 

3. Chromate treatment 

40 [0091] After the formation of the zinc-tin layer, the copper foil was rinsed with water and chromate treatment was 
carried out under the conditions of a current density of 0.2 A/dm 2 and plating time of 10 seconds using an aqueous 
solution containing 1 0 g/liter of chromic anhydride. 

[0092] The amount of the chromate layer thus formed was 5 mg/m 2 in terms of chromium atoms. 
45 4. Silane coupling agent treatment 

[0093] The surface of the chromate layer was treated (coated) with an aqueous solution (solution temperature: 20°C) 
of an epoxy silane coupling agent (KBM-403 available from Shinetsu Silicon K.K.) in a concentration of 2 g/liter, to form 
a silane coupling agent layer. 

so [0094] The amount of the silane coupling agent layer thus formed was 0.8 mg/m 2 in terms of silicon atoms. 
5. Heating (Drying) 

[0095] After the formation of the silane coupling layer, heating was carried out at a surface temperature of 1 30°C. 
ss [0096] Thus, a copper foil for a printed wiring board having a weight of 285 g/m 2 was obtained. 

[0097] Then, the copper foil was laminated with a glass epoxy prepreg under the conditions of a pressure of 20 kg/ 
cm 2 , a temperature of 165°C and a lamination time of 1 hour to get a copper-clad laminate. 

[0098] The copper-clad laminate was examined on the reduction of bond strength caused by corrosion with a hy- 
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drochloric acid aqueous solution (peel loss after H CI dipping) as an indication of chemical resistance. The bond strength 
after a high-temperature long-term treatment was examined as an indication of heat resistance. 
[0099] A test specimen was prepared by a conventional etching method. 

[01 00] Measurement of the chemical resistance was carried out using a test specimen having a pattern 0.2 mm wide 
s and 50 mm long. Measurement of the heat resistance was carried out using a test specimen having a pattern 10 mm 
wide and 150 mm long. 

Peel loss after HCI dipping 

io [0101] The peel strength A (kgf/cm) of a test specimen after lamination and the bond strength B (kgf/cm) of a test 
specimen after dipping in a 18% hydrochloric acid aqueous solution at 25°C for 60 minutes were measured by a peel 
tester. The deterioration of the bond strength was calculated as a peel loss after HCL dipping (C%), using the following 
equation. 

15 C(%) = ((A-B)/A)x100 

[01 02] Further, the peel loss after HCI dipping for a laminate with a copper foil which was stored for 3 months under 
the conditions of a temperature of 40°C and a relative humidity of 90%, was examined in the same manner as described 
20 above. 

Heat resistance 

[0103] The test specimen was kept for 240 hours in a forced circulation type high-temperature oven at 177°C, and 
25 then the peel strength was measured by a peel tester. 

Zinc elution ratio 

[01 04] The amount of zinc on the copper foil was measured before and after immersion of the copper foil in an acrylic 
30 acid aqueous solution of 1 mot/liter (20°C) for 30 seconds. From the measured values, a zinc elution ratio (%) was 
determined as a substitute indication of the peel strength between the copper foil and a substrate made from a varnish 
for acrylic resin, which contains an acrylic acid. A low zinc elution ratio indicates that the peel strength between the 
copper foil and such substrate may be high. 
[0105] The results are set forth in Table 1 . 

35 

Example 2 

[0106] The procedure of Example 1 was repeated except that the amount of plated zinc was increased as shown in 
Table 1 , and after the formation of the silane coupling agent layer, heating was carried out at a surface temperature of 
40 200°C. 

[0107] Thus, a copper foil for a printed wiring board having a weight of 285 g/m 2 was obtained. 
[01 08] A copper-clad laminate was prepared by using the copper foil in the same procedure as in Example 1 . Then, 
using the copper-clad laminate, test specimens were prepared in the same procedure as in Example 1 , followed by 
examination. 
45 [0109] The results are set forth in Table 1. 

Comparative Example 1 

[0110] A copper foil for a printed wiring board was prepared in the same procedure as in Example 1 , except that no 
50 zinc-nickel plated layer was formed and the surface temperature was changed to 100°C. 

[0111] A copper-clad laminate was prepared by using the copper foil in the same procedure as in Example 1 . Then, 
using the copper-clad laminate, test specimens were prepared in the same procedure as in Example 1 , followed by 
examination. 

[0112] The results are set forth in Table 1 . 

55 

Comparative Example 2 

[0113] The same copper foil treated by a bond enhancing treatment as used in Example 1 was electroplated with 
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zinc under the conditions of a current density of 0.2 A/dm 2 and a plating time of 7 seconds using a plating bath containing 
20 g/liter of zinc pyrophosphate and 200 g/liter of potassium pyrophosphate and having a pH of 10 with a bath tem- 
perature of 30°C. 

[011 4] The amount of the zinc plated was 500 mg/m 2 . 
s [0115] Subsequently, a chromate treatment was carried out in the same procedure as in Example 1 , and then heated 
at a surface temperature of 100°C. 

[0116] A copper-clad laminate was prepared by using the copper foil thus obtained with the same procedure as in 
Example 1 . Then, using the copper-clad laminate, test specimens were prepared with the same procedure as in Ex- 
ample 1, followed by examination. 
io [01 1 7] The resu Its are set forth in Table 1 . 

Comparative Example 3 

[0116] A copper foil of 270 g/m 2 (nominal thickness: 0.035 mm) without passivation was electroplated with copper 
is at a current density of 30 A/dm 2 for 4 seconds using a plating bath containing 1 2 g/liter of copper and 180 g/liter of 
sulfuric acid with a bath temperature of 30*0. Then, the copper foil was electroplated with copper at a current density 
of 32 A/dm 2 using a plating bath containing 70 g/liter of copper and 180 g/liter of sulfuric acid at a bath temperature of 
48°C, to subject it to a bond enhancing treatment Then, the following treatments were carried out. 

20 1 . Zinc-tin plating 

[0119] The copper foil was plated with zinc-tin alloy in the following conditions. 



[01 20] In the zinc-tin plated layer thus formed, the amount of zinc was 450 mg/m 2 and the amount of tin was 1 8 mg/m 2 . 

2. Chromate treatment 

35 

[01 21] After plating of the zinc-tin layer, the copper foil was rinsed with water. Then, chromate treatment was carried 
out under the conditions of a current density of 1 .SA/dm 2 for 4 seconds using an aqueous solution (pH: 1 2) containing 
10 g/liter of Cr0 3 . 

[0122] The amount of the chromate layer thus formed was 5 mg/m 2 in terms of chromium atoms. 

40 

3. Silane coupling agent treatment 

[0123] The surface of the chromate layer was coated with an aqueous solution (solution temperature: 20°C) of an 
epoxy silane coupling agent (KBM-403 available from Shinetsu Silicon K.K.) in a concentration of 2 g/liter, toformasilane 
45 coupling agent layer. 

[0124] The amount of the silane coupling layer thus formed was 0.8 mg/m 2 in terms of silicon atoms. 

[0125] After the formation of the silane coupling agent layer, heating was carried out a surface temperature of at 

200*C. 

[0126] Using the obtained copper foil for a printed wiring board, test specimens were prepared with the same pro- 
50 cedure as in Example 1, followed by evaluation. 
[0127] The results are set forth in Table 1 . 

Comparative Example 4 

5S [0128] A copper foil for a printed wiring board was prepared with the same procedure as in Example 1 , except that 
no zinc-tin plated layer was formed and the surface temperature was changed to 200° C. 

[0129] A copper-clad laminate was prepared by using the copper foil with the same procedure as in Example 1. 
Then, using the copper-dad laminate, test specimens were prepared with the same procedure as in Example 1 , followed 



25 



30 



zinc: 6 g/liter 
tin: 1 g/liter 

potassium pyrophosphate: 100 g/liter 
pH: 10.5 

bath temperature: 25°C 
current density: 6 A/dm 2 
plating time: 2 seconds 



10 



EP 1 006 763 A2 



by examination. 

[0130] The results are set forth in Table 1 . 



Table 1 





Ex. 1 


Ex. 2 


Comp. Ex. 1 


Comp. Ex. 2 


Comp. Ex. 3 


Comp. Ex. 4 


Nickel (mg/m 2 ) 


15 


15 


- 


- 


- 


15 


Zinc (mg/m 2 ) 


15 


20 


10 


500 


450 


15 


Tin (mg/m 2 ) 


5 


5 


5 




18 




Chromate (mg/m 2 ) 


5 


5 


5 


5 


5 


55 


Silane coupling agent (mg/m 2 ) 


0.8 


0.8 


0.8 


0.8 


0.8 


0.8 


Peel loss after HCL dipping (%) 


3 


5 


15 


75 


5 


5 


Peel loss of long-term stored foil 
after HCI dipping (%) 


3 


4 


20 


80 


20 


5 


Surface temperature (°C) 


130 


200 


100 


100 


200 


200 


Bond strength after heat treatment 
(kgf/cm) 


0.6 


0.7 


0.02 


0.6 


0.6 


0.3 


Zinc elution ratio (%) 


3.5 


3.8 


18 


13 


15 


3.7 



[0131] As can be seen from Table 1 , the copper foils of the invention had extremely low peel loss after HCI dipping 
2s even after long-term storage. Further, they had an extremely low ratio of zinc elution with an aqueous solution of acrylic 
acid. Furthermore, they keep a high peel strength after heat treatment. 

[0132] From the above, the following has become apparent. The copper foil of the invention has an excellent resist- 
ance to attack of hydrochloric acid even after long-term storage. Further, the copper foil of the invention has a low ratio 
of zinc elution with an aqueous acrylic acid solution, so that even if the copper foil is contacted with a varnish containing 

30 an organic acid, such as acrylic acid, etc. , in the formation of a copper-clad laminate, it may show enough bond strength 
with the substrate. Accordingly, the copper-clad laminate made from the copper foil of the invention suffers less cor- 
rosion of the interface between the copper foil and the substrate with an acid etching solution or an alkali etching 
solution in the etching process. Moreover, even if the printed circuit board made by using the copper-clad laminate is 
placed in an engine room of an automobile for a long time, the copper circuit hardly blisters from the substrate because 

35 of excellent bond strength between the copper circuit and the substrate. 



Claims 

40 1. A copper foil for a printed wiring board, comprising: 
a copper foil, 

an alloy layer (A) comprising copper, zinc, tin and nickel, which is formed on a surface of the copper foil, and 
a chromate layer which is formed on a surface of the alloy layer (A), said surface to be laminated with a 
45 substrate for a printed wiring board. 

2. The copper foil for a printed wiring board as claimed in claim 1 , wherein the alloy layer (A) is obtained by heating 
at a temperature of 80 to 260°C a zinc-tin plated layer and a zinc-nickel plated layer formed on a surface of the 
copper foil. 

so 

3. The copper foil for a printed wiring board as claimed in claim 1 or claim 2, wherein the amount of plated nickel in 
the alloy layer (A) is in the range of 1 to 30 mg/m 2 . 

4. The copper foil for a printed wiring board as claimed in any one of claims 1 to 3, wherein the amount of plated zinc 
ss in the alloy layer (A) is in the range of 1 to 30 mg/m 2 

5. The copper foil for a printed wiring board as claimed in any one of claims 1 to 4, wherein the amount of plated tin 
in the alloy layer (A) is in the range of 1 to 20 mg/m 2 . 
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6. The copper foil for a printed wiring board as claimed in any one of claimed 1 to 5, wherein the amount of the 
chromium in the chromate layer is in the range of 0.1 to 20 mg/m 2 . 

7. The copper foil for a printed wiring board as claimed in any one of claims 1 to 6, which further has a silane coupling 
agent layer on a surface of the chromate layer. 

8. The copper foil for a printed wiring board as claimed in claim 7, wherein the amount of the silicon in the silane 
coupling agent layer is in the range of 0. 1 5 to 20 mg/m 2 . 

9. A process for producing a copper foil for a printed wiring board, comprising: 

plating a zinc-nickel layer on a surface of a copper foil, then plating a zinc-tin layer thereon, 

further depositing a chromate layer thereon, and heating the copper foil at a temperature of 80 to 260°C. 

10. A process for producing a copper foil for a printed wiring board, comprising: 

plating a zinc-tin layer on a surface of a copper foil, then plating a zinc-nickel layer thereon, 

further depositing a chromate layer thereon, and heating the copper foil at a temperature of 80 to 260°C. 

11. The process for producing a copper foil for a printed wiring board as claimed in claim 9 or 10, wherein, after 
depositing the chromate layer, a silane coupling agent layer is applied, followed by heating the copper foil at a 
temperature of 80 to 260°C. 
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Fig.1 
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